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Trophoblast Organoids: A New Tool for Studying Placental Development
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Adverse pregnancy outcomes such as implantation failure, fetal
growth restriction,greeclampsia, and stillbirth occur worldwide at
concerning rates.'* Although their root causes are yet to be fully
elucidated, the majority of these outcomes can be traced back to
defects in placenta formation,” a process that is still poorly under-
stood. A new report in Environmental Health Perspectives lever-
aged a novel in vitro model to examine how organophosphate
flame retardants (OPFRs) placentation and associated effects on
birth outcomes.®

In humans, the process of placentation begins very early in
pregnancy, when embryonic cells called trophoblasts enter the
uterine lining in a process called invasion. There, they fuse fetal
and maternal tissue.” The placenta continues to develop through-
out the first trimester, acting as a vital interface that regulates nu-
trient exchange and waste removal, protects against external
insults, and secretes hormones that maintain pregnancy and pre-
pare the mother’s body for birth.®

Growing evidence suggests that environmental exposures
may contribute to pregnancy complications that are mediated by
disruption of placentation.’™"! The effects of these complications
can endure into adulthood,'? making the identification of such
environmental culprits all the more pressing. Epidemiological
studies have linked OPFRs—widely used in furniture, textiles,
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electronics, building materials, and food packaging
adverse pregnancy outcomes.'”

Despite the varied and important roles of the placenta in fetal
development, current knowledge about human placentation and
how environmental chemicals may influence the process has been
hampered by limited access to developing tissues and the absence
of representative experimental models.'® “To address these conun-
drums, our study applied human trophoblast organoids, which can
display near-physiological cellular composition and behavior rela-
tive to immature human placenta,” says senior author Jianying Hu,
a professor in the Department of Environmental Science at Peking
University.

Organoids are self-organizing, three-dimensional structures
typically derived from stem cells or tissues in culture that can re-
capitulate the complex structural, biological, and functional fea-
tures of tissues and organs, bridging the gap between in vitro and
in vivo models."”'® In the present study, Hu and colleagues cul-
tured trophoblast organoids from placental villi donated by five
women.® They used the organoids to screen the placental toxicity
of 46 OPFRs. Three of those chemicals were determined to affect
cell proliferation without impairing cell survival. One of the
three, 2-ethylhexyl diphenyl phosphate (EHDPP), has been
widely detected in both environmental and human samples'''®

Colored scanning electron micrograph of a human embryo at 11 days implanted in the wall of the uterus. New rodent and in vitro experiments suggest that
chemical exposures may interfere with implantation. Image: © Lennart Nilsson, TT/Science Photo Library.
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and is associated with pregnancy complications.”*! The authors
wrote that “EHDPP is the only organophosphate ester approved
by the U.S. Food and Drug Administration Center for Food
Safety and Applied Nutrition for use as a fire retardant in food
packaging materials.”®

In subsequent in-depth mechanistic studies, they showed that
EHDPP reduced metabolic function of trophoblasts. These results
were closely recapitulated in parallel in vivo mouse experiments,
using doses comparable to human exposures. Both immature and
mature placentas from mice exposed before and during gestation
exhibited decreased metabolic function and cell proliferation,
compared with controls. Finally, exposure to EHDPP led to
increased implantation failure, fetal growth restriction, and still-
birth. In offspring that survived to adulthood, exposure was also
linked to impaired glucose tolerance, a sign of prediabetes.

“The authors were able to use a combination of tools to screen
the toxicity of numerous compounds and also validated these
results in an in vivo model,” says Liping Feng, an associate pro-
fessor at Duke University School of Medicine, underscoring the
reliability of the study. “In addition, they measured concentra-
tions of EHDPP in the placenta, which is very important because
it can differ from that of the maternal circulation.”

Feng, who was not involved in the study, adds that it is impor-
tant to look beyond placental mechanisms to evaluate whether
OPFRs can directly affect the embryo or fetus. Toxic chemicals
can cross the placenta and even accumulate in the embryo.zz_24
One recent study® detected OPFRs in both the maternal and fetal
sides of the placenta, highlighting the need to fully characterize
their mechanism of action to better inform exposure reduction
policies.

Almudena Veiga-Lopez, an associate professor at the
University of Illinois at Chicago College of Medicine, notes that
this study primarily focuses on proliferation, which is a feature of
“stemness” shared with cell types in other organs. Veiga-Lopez,
who also was not involved in the study, says future studies should
focus on evaluating functions specific to placental cells, such as
cell invasion, cell fusion, and steroidogenesis.

Florencia Pascual, PhD, is a freelance science writer based in Durham, North
Carolina.

References

1. Centers for Disease Control and Prevention. 2019. Data on Pregnancy
Complications. [Website]. https://www.cdc.gov/reproductivehealth/materna-
linfanthealth/pregnancy-complications-data.htm#hyper [accessed 17 May
2022].

2. Organisation for Economic Co-operation and Development. 2021. Health.
Health Status. Infant Health: Low Birthweight. [Website]. https://stats.oecd.org/
index.aspx [accessed 17 May 2022].

3. Freen JF, Friberg IK, Lawn JE, Bhutta ZA, Pattinson RC, Allanson ER, et al.
2016. Stillbirths: progress and unfinished business. Lancet 387(10018):574-586,
PMID: 26794077, https://doi.org/10.1016/S0140-6736(15)00818-1.

4. Malhotra A, Allison BJ, Castillo-Melendez M, Jenkin G, Polglase GR, Miller SL.
2019. Neonatal morbidities of fetal growth restriction: pathophysiology and
impact. Front Endocrinol (Lausanne) 10:55, PMID: 30792696, https://doi.org/10.
3389/fend0.2019.00055.

5. llekis JV, Tsilou E, Fisher S, Abrahams VM, Soares MJ, Cross JC, et al. 2016.
Placental origins of adverse pregnancy outcomes: potential molecular targets:
an executive workshop summary of the Eunice Kennedy Shriver National
Institute of Child Health and Human Development. Am J Obstet Gynecol
215(suppl 1):51-S46, PMID: 26972897, https://doi.org/10.1016/j.aj0og.2016.03.001.

6. Xu C, Ma H, Gao F, Zhang C, Hu W, Jia Y, et al. 2022. Screening of organophos-
phate flame retardants with placentation-disrupting effects in human trophoblast
organoid model and characterization of adverse pregnancy outcomes in mice.

Environmental Health Perspectives

20.

21.

22.

23.

24,

25.

054003-2

Environ Health Perspect 130(5):57002, PMID: 35503735, https://doi.org/10.1289/
EHP10273.

. Griffith OW, Wagner GP. 2017. The placenta as a model for understanding the

origin and evolution of vertebrate organs. Nat Ecol Evol 1(4):72, PMID:
28812655, https://doi.org/10.1038/s41559-017-0072.

. Turco MY, Moffett A. 2019. Development of the human placenta. Development

146(22):dev163428, PMID: 31776138, https://doi.org/10.1242/dev.163428.

. Stillerman KP, Mattison DR, Giudice LC, Woodruff TJ. 2008. Environmental

exposures and adverse pregnancy outcomes: a review of the science. Reprod
Sci 15(7):631-650, PMID: 18836129, https://doi.org/10.1177/1933719108322436.

. Bekkar B, Pacheco S, Basu R, DeNicola N. 2020. Association of air pollution

and heat exposure with preterm birth, low birth weight, and stillbirth in the US:
a systematic review. JAMA Netw Open 3(6):e208243, PMID: 32556259,
https://doi.org/10.1001/jamanetworkopen.2020.8243.

. Kamai EM, McElrath TF, Ferguson KK. 2019. Fetal growth in environmental epi-

demiology: mechanisms, limitations, and a review of associations with bio-
markers of non-persistent chemical exposures during pregnancy. Environ
Health 18(1):43, PMID: 31068204, https://doi.org/10.1186/s12940-019-0480-8.

. Simeoni U, Armengaud JB, Siddeek B, Tolsa JF. 2018. Perinatal origins of adult

disease. Neonatology 113(4):393-399, PMID: 29852488, https://doi.org/10.1159/
000487618.

. Yang J, Zhao Y, Li M, Du M, Li X, Li Y. 2019. A review of a class of emerging

contaminants: the classification, distribution, intensity of consumption, synthe-
sis routes, environmental effects and expectation of pollution abatement to or-
ganophosphate flame retardants (OPFRs). Int J Mol Sci 20(12):2874, PMID:
31212857, https://doi.org/10.3390/ijms20122874.

. LiJ, Zhao L, Letcher RJ, Zhang Y, Jian K, Zhang J, et al. 2019. A review on or-

ganophosphate ester (OPE) flame retardants and plasticizers in foodstuffs: lev-
els, distribution, human dietary exposure, and future directions. Environ Int
127:35-51, PMID: 30901640, https://doi.org/10.1016/j.envint.2019.03.009.

. Kahn LG, Philippat C, Nakayama SF, Slama R, Trasande L. 2020. Endocrine-

disrupting chemicals: implications for human health. Lancet Diabetes
Endocrinol 8(8):703-718, PMID: 32707118, https://doi.org/10.1016/S2213-8587
(20)30129-7.

. Burton GJ, Jauniaux E. 2015. What is the placenta? Am J Obstet Gynecol

213(suppl 4):S6.e1, S6-8, PMID: 26428504, https://doi.org/10.1016/j.ajog.2015.
07.050.

. Matsui T, Shinozawa T. 2021. Human organoids for predictive toxicology

research and drug development. Front Genet 12:767621, PMID: 34790228,
https://doi.org/10.3389/fgene.2021.767621.

. Heidari-Khoei H, Esfandiari F, Hajari MA, Ghorbaninejad Z, Piryaei A,

Baharvand H. 2020. Organoid technology in female reproductive biomedicine.
Reprod Biol Endocrinol 18(1):64, PMID: 32552764, https://doi.org/10.1186/s12958-
020-00621-z.

. Zhao F, Kang Q, Zhang X, Liu J, Hu J. 2019. Urinary biomarkers for assessment

of human exposure to monomeric aryl phosphate flame retardants. Environ Int
124:259-264, PMID: 30660026, https://doi.org/10.1016/j.envint.2019.01.022.
Carignan CC, Minguez-Alarcon L, Butt CM, Williams PL, Meeker JD, Stapleton
HM, et al. 2017. Urinary concentrations of organophosphate flame retardant
metabolites and pregnancy outcomes among women undergoing in vitro fertil-
ization. Environ Health Perspect 125(8):087018, PMID: 28858831, https://doi.org/
10.1289/EHP1021.

Luo D, Liu W, Wu W, Tao Y, Hu L, Wang L, et al. 2021. Trimester-specific
effects of maternal exposure to organophosphate flame retardants on off-
spring size at birth: a prospective cohort study in China. J Hazard Mater
406:124754, PMID: 33310325, https://doi.org/10.1016/j.jhazmat.2020.124754.

Barr DB, Bishop A, Needham LL. 2007. Concentrations of xenobiotic chemi-
cals in the maternal-fetal unit. Reprod Toxicol 23(3):260-266, PMID:
17386996, https://doi.org/10.1016/j.reprotox.2007.03.003.

Stern AH, Smith AE. 2003. An assessment of the cord blood: maternal blood
methylmercury ratio: implications for risk assessment. Environ Health Perspect
111(12):1465-1470, PMID: 12948885, https://doi.org/10.1289/ehp.6187.
Morello-Frosch R, Cushing LJ, Jesdale BM, Schwartz JM, Guo W, Guo T, et al.
2016. Environmental chemicals in an urban population of pregnant women and
their newborns from San Francisco. Environ Sci Technol 50(22):12464-12472,
PMID: 27700069, https://doi.org/10.1021/acs.est.6b03492.

Rock KD, St Armour G, Horman B, Phillips A, Ruis M, Stewart AK, et al. 2020.
Effects of prenatal exposure to a mixture of organophosphate flame retard-
ants on placental gene expression and serotonergic innervation in the fetal
rat brain. Toxicol Sci 176(1):203-223, PMID: 32243540, https://doi.org/10.1093/
toxsci/kfaa046.

130(5) May 2022


https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pregnancy-complications-data.htm#hyper
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pregnancy-complications-data.htm#hyper
https://stats.oecd.org/index.aspx
https://stats.oecd.org/index.aspx
https://www.ncbi.nlm.nih.gov/pubmed/26794077
https://doi.org/10.1016/S0140-6736(15)00818-1
https://www.ncbi.nlm.nih.gov/pubmed/30792696
https://doi.org/10.3389/fendo.2019.00055
https://doi.org/10.3389/fendo.2019.00055
https://www.ncbi.nlm.nih.gov/pubmed/26972897
https://doi.org/10.1016/j.ajog.2016.03.001
https://www.ncbi.nlm.nih.gov/pubmed/35503735
https://doi.org/10.1289/EHP10273
https://doi.org/10.1289/EHP10273
https://www.ncbi.nlm.nih.gov/pubmed/28812655
https://doi.org/10.1038/s41559-017-0072
https://www.ncbi.nlm.nih.gov/pubmed/31776138
https://doi.org/10.1242/dev.163428
https://www.ncbi.nlm.nih.gov/pubmed/18836129
https://doi.org/10.1177/1933719108322436
https://www.ncbi.nlm.nih.gov/pubmed/32556259
https://doi.org/10.1001/jamanetworkopen.2020.8243
https://www.ncbi.nlm.nih.gov/pubmed/31068204
https://doi.org/10.1186/s12940-019-0480-8
https://www.ncbi.nlm.nih.gov/pubmed/29852488
https://doi.org/10.1159/000487618
https://doi.org/10.1159/000487618
https://www.ncbi.nlm.nih.gov/pubmed/31212857
https://doi.org/10.3390/ijms20122874
https://www.ncbi.nlm.nih.gov/pubmed/30901640
https://doi.org/10.1016/j.envint.2019.03.009
https://www.ncbi.nlm.nih.gov/pubmed/32707118
https://doi.org/10.1016/S2213-8587(20)30129-7
https://doi.org/10.1016/S2213-8587(20)30129-7
https://www.ncbi.nlm.nih.gov/pubmed/26428504
https://doi.org/10.1016/j.ajog.2015.07.050
https://doi.org/10.1016/j.ajog.2015.07.050
https://www.ncbi.nlm.nih.gov/pubmed/34790228
https://doi.org/10.3389/fgene.2021.767621
https://www.ncbi.nlm.nih.gov/pubmed/32552764
https://doi.org/10.1186/s12958-020-00621-z
https://doi.org/10.1186/s12958-020-00621-z
https://www.ncbi.nlm.nih.gov/pubmed/30660026
https://doi.org/10.1016/j.envint.2019.01.022
https://www.ncbi.nlm.nih.gov/pubmed/28858831
https://doi.org/10.1289/EHP1021
https://doi.org/10.1289/EHP1021
https://www.ncbi.nlm.nih.gov/pubmed/33310325
https://doi.org/10.1016/j.jhazmat.2020.124754
https://www.ncbi.nlm.nih.gov/pubmed/17386996
https://doi.org/10.1016/j.reprotox.2007.03.003
https://www.ncbi.nlm.nih.gov/pubmed/12948885
https://doi.org/10.1289/ehp.6187
https://www.ncbi.nlm.nih.gov/pubmed/27700069
https://doi.org/10.1021/acs.est.6b03492
https://www.ncbi.nlm.nih.gov/pubmed/32243540
https://doi.org/10.1093/toxsci/kfaa046
https://doi.org/10.1093/toxsci/kfaa046

	Trophoblast Organoids: A New Tool for Studying Placental Development
	References


